We chose tetrabenzylated catechin 5a, a nucleophilic unit, prepared by the Kawamoto's procedure 7 and electrophile unit 6a prepared by the Saito's method. 8 Equimolar condensation of 5a and 6a at room temperature was examined using various Lewis acids including rare earth metal at room temperature in CH 2 Cl 2 (Scheme 1, Table 1 ). The first attempt at the coupling reaction was conducted with equimolar amounts of the protected catechin 5a and the acetylated substrate 6a to obtain α-7, which is the precursor of procyanidin B3 (3). Typical
Lewis acids, such as TiCl 4 and BF 3 •Et 2 O gave sluggish results. These reactions required a large excess of the nucleophile at low temperature in order to limit the reaction of the activated monomer with itself or with the dimeric product leading in both cases to oligomeric side products. 7, 8 The next attempt at the coupling reaction was conducted with late transition metals as Lewis acids. Among Ag, Cu, and In, especially AgBF 4 gave a good selectivity with moderate chemical yield. We further paid attention to rare metal Lewis acids such as Sc and La.
While Sc gave poor stereoselectivity, La afforded high selectivity although the chemical yield was 34%. This result encouraged us to replace La to Yb. The reaction furnished good selectivity with 64% yield. 9 The catalytic amount of Yb(OTf) 3 (10 mol%) also afforded coupled product in 42% yield at 91 : 9 ratio of the desired product.
This result indicates that this reaction could be carried out using catalytic amount of Yb(OTf) 3 . Further optimization of the catalytic reaction system is now underway. As shown in Table 2 , the reported condensation reaction between catechin nucleophile 5a or 8 and catechin electrophile 6a, 9, and 10 required large amount excess of catechin nucleophile 5a or 8 to obtain desired dimer in high yield. As shown in entry 1, the first report of condensation by Kawamoto and co-workers used 5 eqiv. of nucleophile 5a. They obtained coupled product in high yield, however, the stereoselectivity of α-11 and β-11 was only 60 : 40 ratio. 7 Saito and co-workers used nucleophile 5a and electrophile 6a which combination was same of ours. This condensation afforded a coupled product in high yield with good stereoselectivity, however, it required 4.5 equiv. of nucleophile. 3b, 8 Suzuki and co-workers reported the condensation reaction using 8 and 10 to obtain 12. 10 Although the amount of nucleophile was smaller than Kawamoto and Saito, they still used 3 equiv. of nucleophile with 90 : 10 selectivity of the desired product. When they used 1.2 equivalent of nucleophile 8, the yield was 59% with same selectivity. Our result of equimolar condensation between 5a and 6a was shown in entry 4. Although the yield was lower than other groups, the stereoselectivity was superior to others. Using large excess amount of nucleophile is a big problem because composition of desired coupled product is only a small part in the reaction system and it is necessary to get rid of large amount of starting material by chromatography. Optimized equimolar condensation is extremely important for an efficient synthesis of catechin dimers (Scheme 2, Table 2 ). Next, we examined the condensation of the combination of catechin nucleophile 5a and epicatechin nucleophile 5b with catechin electrophile 6a and/or epicatechin electrophile 6b using Yb(OTf) 3 as a Lewis acid. In each case, the reaction worked well. As to the stereoselectivty, however, the epicatechin electrophile 5b gave a little bit poor results compared to catechin necleophile 5a. In case of tri-benzylated phloroglucinol, the stereoselectivity of 16 showed 75 : 25 ratio. 11 Some stereochemical requirement of the nucleophile seems to be necessary to get high selectivity (Scheme 3).
Finally, condensed compounds α-7, β-13, β-14, and α-15 were subjected to the hydrolysis of the acetate with K 2 CO 3 in MeOH followed by debenzylidation by Pd(OH) 2 in THF-MeOH-H 2 O catalyzed hydrogenolysis to give procyanidin B1 (1)-B4 (4). All the spectral data for 1-4 were similar to those of the reported value. 6
